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Surveillance Test of OWL-2 Inpile Tube

Masatsugu SHIMIZU*and Noboru ITOH

Division of JMTR Project, Oarai, JAERI

( Received July 19, 1976 )

A series of irradiation surveillance tests performed in
integrity evaluation of an inpile tube for the test loop
OWL-2 are described. Specimens were exposed to the neutron
fluences from 1 x 1020 to 3.4 x 1021 n/cm2 (>1 MeV}, and
subjected to poét—irradiation tensile test at room temperature
and survice temperature 285 °C. The strength increased and
the ductility decreased with increasing neutron fluence. The
reduction in fracture ductility due to neutron irradiation in
the fluence range was insignificant, and the elongation of
33% was retained even for the maximum neutron fluence at 285 °C.
Little decrease of the ductility with fluence indicates that
the tube would be in service for long time, ie to the integral

fluence of 3.4 x 1021 n/cmz.

+ Present address: Division of Large Tokamak Development,
Tokai, JAERI
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Table 3 Tensile proterties of irradiated specimens

Ultimate

Specimen | Test temp.| Neutron fluence ! tensile Yield Fracture Total

No. {°c) (x10%1 n/em?, strength | strength | strength | Elongation
E>1 MeV) | (kg/m?) | (kg/mm?2) | (kg/wm?) (%)

141 12 0.28 73.8 65.8 46. 4 41,2
142 " 0. 60 74.1 63.7 48.1 40.4
143 o 1.00 74.5 69.3 48.9 40.2
144 " 1.18 75.8 69.1 47.0 42.1
145 " 1.08 75.1 68.8 47.7 40.9
146 " 0.79 75.3 70.0 48.5 40.5
147 " 1.08 75.8 69. 4 50.0 40.1
148 " 0.79 75.6 69. 2 49.1 | 38.9
149 " 3.05 76.6 73.4 52.0 | 39.6
150 " 2.20 75.4 70.8 51.0 40.2
151 " 0.85 75.0 68.7 48.7 40.4
152 " 1.67 75.1 69.7 | 49.8 | 40.4
153 0 2.83 76.1 72.6 | 49.5 40,2
154 " 3.37 75.4 71.2 49.6 38.6
155 " 3.05 75.8 72.3 49.3 39.3
156 12 2.20 75.8 71.4 49. 4 37.9
165 285 0.28 57.4 47.5 41.2 33.3
166 " 0. 60 58.0 49.7 35.4 34.8
167 " 1.00 57.0 49.0 36.9 34.7
168 " 1.18 58.6 51.7 40.2 33.1
169 " 0.85 57.7 48.5 33.4 ©37.0
170 " 1.67 58.1 50.3 36.1 34.2
171 " 2.83 59.9 54.8 37.3 33.1
172 285 3.37 59.5 53.9 | 40.3 32.8
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Table & Charpy-V absorbed energy of irradiated specimens

Specimen Test temp. Neutron fluence Absorbed energy
No. (°C) (x102'n/cm?, E>1 MeV) (kg-m/mm?)
t 19 0.10 0.131
2 " 0.38 0.144
3 " 0.52 0.128
4 ) 0.67 0.138
5 " 0.93 0. 144
6 " 1.05 0.138
7 " 1.14 0.138
8 " 1.20 0.144
? " 1.13 0.131
10 " 1.02 0.134
11 " 0.87 0.147
12 " 0.69 0.134
13 " 0.62 0.144
14 ! 1.05 0.131
15 " 1.45 0.134
16 " 1.90 0.131
17 " 2.65 0.144
18 " 3.00 0.147
19 " 3.28 0.144
20 " 3.40 0.128
21 " 3.20 0.125
22 " 2.85 0.125
23 " 2.40 0.128
24 19 1.95 0.141
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Table 5 Mechanical properties of as received and thermal
control specimens

A. Tensile properties

Tltimate
Specimen | Test temp.| tensile Yield Fracture Total
No. °cy strength | strength | strength | elongation History
(kg/mm ) | (kg/mm ) | (kg/mm ) (%)
141 20 59.2 62.8
142 " 59.5 62.3
143 " 59.8 65.2
144 20 59.5 65.3 As received
165 285 47.3 45,1
166 m 47.4 45.7
167 m 47.4 43.8
168 285 49.1 39.0
145 12 60,2 31.9 38.6 64.5
146 " 60.9 34.9 37.8 62.0
149 i 59.8 31.0 36.1 66.0 Thermal control
150 12 59.8 31.1 ! 36.1 B2.9 specimens exposed
169 285 49.3 25,1 31.3 53.2 to OWL-2 loop water
170 A 49.0 23.0 29.7 43.2 without irradiation
173 T 49.0 23.0 31.7 43.6
174 285 48.7 23.2 31.2 42.6
B. Charpy-V absorbed energy
Absorbed
Specimen | Test temp. energy History
No. (°c) (kg m/mm?2)
1 18 0.2186
2 " 0.208
3 " 0.211
5 " 0.220 As recelved.
5 " 0.230
6 T 0.221
1 " 0.216
g 18 0,219
9 19 0.206
10 " 0.208
11 i 0.219 Thermal contrel
12 " 0.216 specimens exposed
17 i 0.228 to OWL-2 loop water
18 " 0.212 without irradiation.
19 i 0.216
20 19 0.231
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Fig. 1  Stainless steel busket for irradiation tests
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Irradiation
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Fig.12 Fluence limit for Type 304 stainless
steel base metal.
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Fig.15 Effect of neutron irradiation on the ultimate
tensile strength of Type 304, 316 stainless
steel at 600 and 700°C.
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at 600 and 700°C.



JAERI-M 6667

MOPF30BLEREFELTL S,
choofic b BEBENHECEL T 25US 304, 316, 347 D20 TORHANEL A

LN AMCIHLONBEEREEATFL 1Tr] MTRIEBZT 234 ~-~N5 Y27 MEELED

TR ,(5_014)'- 21)

chicshidBohitEE LT

cERFHBCHRCOAREOHBEBHBLSOW T REVEFBSEEYT 5,

CETHEFRESE 1 X1070~3x 102 U, 0B TR & A BT,

Cetimd, XEFAL] MTRIEBW 24+ -~ 272 M ERLZBEBTE2EEYHED
BB b b, THOEHEETHEMABE 1 x 100 £34x10° 0, coMUgErE
SHR—T 0, TLRERREHUBILZCELOEREACHELRNEEZ NS,

PlEBEGEFREEI4X10M N0 s 0 28E, B TRHELAKROWL - 248
HEDERBERTHSBLCFERTEECLDBHAOH LT,

BACAMBEIC L0 34x1 00 LS BERBESOTEELTH B,

Ky -3 v272 FORAIERS Tuns, BR&ES Ty LUBT e L EIHTRHER

EOBEFT LD EFig 180 s, 2 TULS & Ty LOABICLERARE
ARHED 1 D OBREEZZCEMTEE, THHLLLOBHBRETAIMEOERALZE
BRRIENEZMEZ CEECRDTACLI LGN TRIBTEIRELECT I EEERT 5, —
BCSEABRFIHTFREANEOBALIACPEBORBURBSRBRA T EININEZDTAICLS
BEriairF¥-0BNERBLTEILAL42EBERT L, CoBHRFg 80T RENTL
2, |

CoABEIINEERY -~ vya 72 BRI ZBRAEHERFIg 1Bt RTLHicH
REE]1 200823 4=4x10"7 285C DA $;=0x102" Ths, chedk
TR Is 34100 N EABBRTAEHBRAK L 2T, 2850 DBAKLNFNELK
1 245, 2 6FENBENTEELNAITETNE,
FHRBCRTIEBELTERSETEARLTIFARAENRCEEL> SORE, EREIX
BEBHLURBDBEAGNS, LHOLINGR FROBEMASHBEL RN ML, TTHE
Lt OO bORFHBUBREENEET LI LTHFIBFLBETRTNLEFRTED. BHER
T IRABRBERETE L BBRTIEL, TLEHEHCH L TRFRAE~0EA,
B LFEPEEONBICELE D LS TUBEREL, AR —COFERICEBEIET
LABERBENRPCHRTL AP » ML DRABEZY T, BERECEFEESNDO ST NE
S LTHE, (Fig. 19, 20 H)

OWL —2@@8EL&4+M4 7 20T 2REBR, FRETsEEEPEONLLY,. LKL
NEREICRDBELIBEABND 2, LOALIOAKE DO TEITLAEEEES A 7 v EREL
CRBELENCHVWETH 2, THHEBTO>LTROWL - 2 —RBHWKONKE, BEBRES
wOHIHECIEHWEELoND O, REAOEREZER LT, BE, EAFORED
MUTHEEABEHNEAOCERBLESIEL S,



JAERI-M 6667

*(B3Bp 19430 Yifm s3i[nsex juesaid ayj jo uosTiBdwod) wor3le3UOT2 S[JSuUl] UC 2IUSNTI UOAINDU ISBI JO II9FJT LT

(ABH 1<) ANEU\nV UUINTF wUoiINzu JSEBY

gz0T z20T 1201 0z0T 0
Oﬁqm___ T I —_-ﬁqa_ T T —dn__—_ ¥ —.___- _|_|\( O
~NOHXN.m
A
I
ot 1, - | < 01
l/*“‘ 1
. m
I
oz ! -~ 0T
i
| ﬂNOHX.,N e .HNOHXO T
| A 4
_ L]
_ o i )
ot I ] 40
w4 | Lo s 2 o
=& 5 a.m i v— y
o ﬁ. ka4 t ﬂ_ - 4.
| v i
[ v _
oy 1 I «mln qllafllﬂ.:dqlldl.'.[fq.l 0%
1 1 oy =}
| % o ju3
_ _ " ¥ g10IXT T
»
0% D,9TE N " ¢ & 0g
Jo¥¢ -duwal 1say pue -dwe] -IpEiiy O
(T86T-IW4) L¥E SNS =
Uo@.ﬂm I nUoOm & - Uo@.—”m. L1 A O@
oy LA tduwsy 38R ‘0,05 tduel -ypeair g 5,0z -dwdl 3sal ol
(769T-IWE} L%t SAS (PEST-TIHH) LyE S0S @wux
o ,
&
oL J2,00t> "dway -Tpeiiy % (8299T-001) 9T€ SNS (BZ99T-0QI) /%€ SnS o
(7£5-d4a) %0€ sns 0,587 N M A ., .
= 2,21 rdumy, 359 ‘0.6% -dway *rpmaaT v 0,562 ‘dusy, 3sar ‘p ¢ -dway CEpEIi]  ©
(BZ99T-04r) %0t sas (4IWL) 9TC sns (Z98BT-IHA) LYE SNS

81

(%) uoTle3UcTad STISUIL

K|




JAERI-M 6667

(%) =3 vorieSuore @7ySUL]

uoT3e3uocra pue yjBueils STIsusy uo SJUBNTI UOAINDU 3SE]

(AW T <3 ‘;ud/u) @ouanty uoTInaU ased

3¢ 3921371 g7

*314

mNoH 2207 1201 0z0T 6101
Tr T T T ~ LB T T T T 13 “ T T °F 1 T L] T T _ﬁ T T T T T T
7
Ot |
00587 ~dwd3 389L —— Q@ e
L —=g @ ® -
3
o) - dws 53 d " ®
oy oTT "duwd3 383 X x N .
x
- 0
oS v v 4

0,587 *dwd3 3sag

0021

rdway 3sof

0z

ot

0%

0¢

09

0L

08

06

(7mn/Sq) &3 q13us13s praty ‘8 L7y yiFusiis erysusy s3wwiIln



bl

.

(smoTT4)

TE3s 3y3T3 ea

a7dnodowiayl Jo 2aTH PES

Fig. 19 JMIR pressure vessel and the location of OWL-2 inpile tube.
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